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SUMMARY

Low-speed teati oj a maid with a wing ewept back 36° a$the
0,3$chord lim and a haiti taiJlocal.edwell above the ex-
tendedwing-chordplane indica!ed sta$ichm@ui?inal inxtdii?iiy
at moderate angla oj attuckfor ail con$.guxatti tested. An
inlkwtigcdionthereforewaa mude to d&9rminewhetherthe .?m@-
twdinalstability could be impmved by theme of chiwdwisewing
jemxx, by lowering the horizoniul i!ai?,or by a combinu$ionof
both. Ekperi-we with fenw on ok models hm indicated
thutjerue e$ectivmws in impmving static longi.tuo%nulstabi?tiy
can be modi$d by variations in Mach number and Reynolds
number; hence, tlMlow Mach number and Rynolcik number of
the preeeni inveatigabn shou-?o?be kept in mind in considering
the &la obtainzdin this study.

The revultaof the inve@ation showed that tha lon@udina.1
stubddy charactaristiceof the model & 8hn!8reiractedcow?dbe
improved at moderate angla of & by placing churdwise
W@ fences at a spanwiae8i!4rii0noj about 73 percent oj the wing
eemtipan from thaplane oj eymmetry provided the no8e of the
fence extendedsl@i!ly beyond or around th wi~ Ming edge.
I’714?static 10n@tudin4d8tUbi2iiyCharactenktiaof the model with
slti mtemied & be appreciably improved by plaiing chord-
unkejenctx ai a spanuise pomWn of approximu.te-ly36 percent
oj th wing semixpanfrom i!h plane of 8ynmetry. Thi8con-
chmt”onconJirmedth-ere8uJ!.sof an earlier unpublided inwxti-
gation made by Dow@M Awcrafi Oo., Inc. NO single fw
position wasfoundwhich would cuwe an appreci.abhimprove-
mC?l.tOf i%+$~d.d hX@.tWdiTld8tUbi@/ Cti@t&i&C8 fOT &
modd con=jignwai%ma;however,we of fcnca at both 36 percen#
and 73 percen$of the wing semispanfiom theplune of 8ymmetry
caused a large improvement in the km@5wi?inaJstu.bi.litychar-
acteristic for all maid conjigurati4nu3invatigaied. Lowering
the horizontal td from the high positwn to thefuw?a.ge cents
he improved t-h+longiiudi?ulf’ 8.?d’@/ Ch4WUCt&%ti.c8of d
model con$guration.s tated, 80 tha$ & cOr@gUXa-tiOnsLWe4i
were longitudinally stuble in the angle-of+zilack range from 0°
to about20°.

INTRODUCTION.
A low-speed investigation made by Douglas Aircraft Co.,

Inc. (unpublished) of the static longitudinal stability charac-
teristics of an airplane model with a wing swept back 35° at

the 0.33-chord line and a horizontal tail located well above the
extended wing-chord plane has indicated longitudinal insta-
bility at moderate angles of attack (near 12°) for both the
clean and landing configurations. During the investigation
a fence arrangement was developed which appeared to pro-
vide satisfactory longitudinal stability characteristics in the
landing configuration with slats extended. No attempt was
made to eliminate the instability of the model in the clean
condition (slats, flaps, and landing gear retracted) because
the instability occurred at an attitude normally associated
with the landing configuration.

Since this previous investigation, however, there has been
increased interest in obtaining satisfactory longitudinal ata-
bili@ characteristics of airplanes, similar to the model tested,
for all probable flight configurations.

The purpose of the present “investigation is to explore the
powibiJity of improving the longitudinal stability at low
speed of the same model (with a 35° sweptback wing) in
various configurations by use of chordwise wing fences, by
lowering the horizontal tail, and by a combination of the two.
The use of fences for this particular configuration was of
course suggested by the results of the unpublished investi-
gation referred to preciously, whereas lowering of the hori-
zontal tail is a method which has been found to be effective
in investigation with other models. (See ref. 1, for emunple.)

SYMBOLS

The data presented herein are in the form of standard
NACA coefficients of forces and moments+ which are referred
to the stabili~ =es with the origin at the projection of the
quarter-chord point of the wing mean aerod~amic chord on
the plane of symmetry. Positive directions of the forces,
moments, and displacements are shown in figure 1. The
symbols and coellicients used are defined as follows:

b ~ SpSJl, ft
c wing chord parallel to plane of symmetry, ft

z
s

2 b!=
~ mean aerodynamic chord, _so

c2dy,f t

•!

(1 dynamic pressure, ~ pV, lb/sq ft

S wing area, sq ft

1Supersedarecmrtly dedmifkd NACARhf%L$OK07by M. J. QnoljoendByrmM. Jamet,19KI,and I&lH17by M. J. QneJjoendTValterD. ~olherk19S1.
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v
Y
a

;

c.

c.

cm
L
M

F
w
v
H

free-stream velocity, ft/t3ec
spamvise distance from plane of symmetq, ft
angle of attack of fuselage center line, deg
mass density of air, slugs/cu ft
drag, lb

drag coeflkient, ~
qs

lift coefficient, ~
qs

M
pitching-moment coefficient, —

grc
lift, lb
pitching moment, ft+lb

MODEL-COMPONENT DESIGNATIONS

fuselage
wing .
vertical tail
horizontal tail

Subscripts:

H high
31 middle
L ]OW

APPARATUS, MODELS, AND TESTS

The tests of the present investigation were made in the
Langley stability tunnel. The models were mounted on a
single#mt support which was rigidly faetened to a six-
component balance system.

Two models of an airplane were used during the course of
the investigation and are designated herein as model 1 and
model 2. The fit model available for testing (model 1) was
not equipped with flaps, slats, or landing gear. This model
was a rocke&pmpeIIed test vehicIe and was constructed pri-
mariIy of balsa wood and pine with mahogany and ahm.i.num
bulkheads and reinforcements. Model 2, built specifically
for this investigation, was made of mahogmy and incor-
porated removable flaps, slats, and lading gear. Both
models were of the same dimensions (@g. 2 and table I) and
were the same in all details except that the horizontal-tail
incidence was —1.42° for model 1 and 0° for model 2. De-
tails of the slats and flaps used on model 2 are shown in
figure 3. Photographs of the two models are given as figure 4.

The tests made with model 1 were exploratory in nature,
the purpose being to determine the effects of fence shape,
size, and position on the static longitudinal stability char-
acteristics of the complete model in the cJean configuration
(slate, flaps, and landing gear retracted). The fences used
in this part of the investigation are shown in figure 5.

The tests made with model 2 were divided into two series.
The tit series was concerned with the evaluation of the
effects of a few selected fence shapes (determined from con-
sideration of the results of the tests of model 1) on the four
model configurations listed below:

ww~
Slats, flaps, and landing gear retracted (clean condition) ------ a
Slats retracted and flaps and landing gear extended----------- b
Slats extended and flaps and landing gear retracted----------- a
Slats, flaps, and landing gear extended (landing condition) ---- d

The fences used in this series of tests are shown in figure 6.

The second series of tests made with model 2 was to deter-
mine the effect of lowering the horizontal tail of the model.
In this series, several complete-model configurations (pre-
viously listed) and certain model components were tested
without and with fences found to be beneficial fiwm the
results of preceding tests. The fences used were fence A
and the combination of fence A with fence Ff~M1. (S08 figs.
7 and 8.) The model in its various configurations was
tested with the horizontal tail in each ‘of the three posi-
tions (@. 9) designated as the high or original position
(0.59; above fuselage center line), the middle position
(0.29Z above the fuselage center line), and the low position
(on fuselage center line). The horizontal tail was moved
forward as it was’ lowered. The locations of the calculated
aerodymuuic center of the horizontal taiI ?Mf/4 relative to
the fuselage center line and to the calculated aerodynamic
center of the wing &i,c/4 are given in figure 9 for the three
horizontal-tail positions.

All fences used in the teets were made from Me-inch sheet
brass and were mounted normal to the wing surface. Fence
N&f, was made in two segments, Nz and Ml (figs. 7 and 8).
Segment N, was attached to the slat, whereas segment Ml
was attached to the wing.

When the slats were extended, they were moved in a direc-
tion normal to the wing kwd.ing edge and, therefore, had a
lateral displacement of about 0.0216/2 in the extended posi-
tion’ (fig. 8).

All tests were made at a dynamic pressure of 39.7 pounds
per square foot, which corresponds @ a Mach number of
0.17 and a Reynolds number of 1.1X106 based on the wing
mean aerodynamic chord of 0.94 foot.

CORREC’HONS

Approximate corrections for the effects of jet boundaries
were applied to the mgle of attack by the methods of refw-
ence 2. Effects of jet boundaries on the pitching moment
due to the horizontal tail were accounted for by the methods
of reference 3. Blockage corrections were determined by use
of reference 4 and were applied to all force amd moment
coefficients.

RESULTS AND DISCUSSION
BASICNIODELCHARACXERISTIC3 FOR OLBAN CONFIQUItATION

The lift and pitching-moment characteristic of the basic
complete model (without fm”ces and with the high horizontal-
tail position) and a breakdown of several of its components
are shown in figure 10. The lift curve of the fusolag~tail
combination was very nearly linear throughout the angle~f-
attack range of the investigation. The fuselage alone pro:
duced no appreciable lift up to an angle of attack of about
12°; however; above 12° the lift-curve slope of the fuselage
was fairly huge relative to that of the fuselage-tail combina-
tion. This fact indicated that, above an angle of attack of
12°, the increase in OL with a for the fuselage-horizontal-
tail combination was due partly to the fuselage and that
the horizontal tail loses lift effectiveness above rm angle of
attack of 12°. (See the pitching-moment data of fig, 10.)
These data show a decrease in the stability of the fuselage-
horizontal-tad configuration at angks of attack above about
12°. No tests were made with only the horizontal tail; how-
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ever, the wing ie about the same plan form as the horizontal
tail, and the wing lift characteristics indicated that the wing
began to stall at a wing angle of attack of about 13° (fuselage
angle of attack of 100.) Therefore, at least part of the loss
of offactiveness of the horizontal tail above a= 13° appeared
to be caused by stalling.

The most noticeable eilect of adding the wing to the
fuselage-tail combination is the nordinearity of the raw.dting
pitching-moment curve. This nonlinearity (and resulting
instability) was apparently attributable to a loss in dynamic
prcasure and the rate of change of dowmvash with a in the
wing wako acting on the horizontal tail. Subsequent down-
wash measurements in the vicinity of the horizontal tail
have further substantiated this conclusion. The pitching-
moment data of the complete model show that the model
was longitudinally unstable at lift coefficients from about
0.69 to 0.85 (angle-of-attack range from about 8° to 15°);
hence, the maximum usable lift coefficient was only about
0.68.

.

EPFECI_SOFFENCEGEOMETRYON‘rHEBHC MODELCHARACTERISTICS
FORCLEANCONFIGURATION

The tests of this group were made to determin~ the eilects
of changes in shape, size, and position of the fences on the
static longitudinal stability characteristics of the model in
the clean condition (flaps, slats, and landing gear retracted)
with the horizontal tail in the high position. All the tests
of this group were made with model 1 and the fences shown
in figure 5.

Effect of fenoes at spanwise station y=0,36h/2.—The
addition of fence A on the upper surface of each wing semi-
span at a spamvise station y=O .36b/2 caused no appreciable
change in the model pitching-moment characteristics for
the clean condition (fig. 11). A previous investigation has
shown that fence A at this particular position was very
beneficial for the landing condition. Previous experience
with fences on other models haa shown that, for some cases,
the effectiveness of a fence was improved when the leading
edge of the fence extended close to or actually ahead of and
around the wing leading edge. A nose extension, therefore,
was added to fence A to form fence B. The results of the
modification were ahnost negligible (fig. 11).

Effeots of fenoe B at various spanwise stations.-The data
of figure 12 show the effects of varying the spanwise position
of fence B from 0.65 b/2 to 0.761)/2 on the lift and pitching-
moment characteristics of the model. Fence B at any of
these stations caused an appreciable increase in lift coe&cient
at angles of attack greater than about 10° (compare figs.
11 and 12) by delaying the lift break to l@her angles of
attack. Fence B also improved the static longitudimd
stability of the model by reducing the instability which
occurred in the angle+f-attack range from about 8° to 15°
for the basic model. The fence at spanwise station 0.65 b/2
caused the largest improvement in stability in the angle-of-
attack range from 8° to 15° and delayed the model longitudi-
nal instability to an angle of attack of about 16°. Moving
the fence outboard from 0.65 b/2 to 0.76b/2caused a gradual
reduction in stability in the angle-of-attack range from 8° to
15° but delayed the lift break and the unstable break in the
Ditching-moment curve to higher angles of attack. A

spanwise position of O.73b/2 appeared to gi~e a reasonably
good mmpromise of pitching-moment and lift characteristics
throughout the angle~f-attack range and herice was used
for most of the subsequent tests.

Effects of fence shape at y=.0,73b/2,—In a practical ap-
plication of fences it wotid probably be desirable to use the
smallest size fence which would result in acceptable aero-
dynamic characteristics. b this investigation fence B
appeared to produce an appreciable improvement in static
longitudinal stabili@-; hence, a series of tests were made to
determine the effects of variation in shape (and size) of fence
B. The variations included changes in fence height, reduc-
tion in length by removal of rearward portions of the fences,
~d by changes in overall shape. When tie effecti of fence
height were determined, two new faces were formed and are
designated as fences C and D. Fence C was constructed so

that its ordinates were 1.5 times those of fence B; and the
ordinates of fence D were 0.5 times those of fence B. When
the effects of oversl shape were detti ed, a group of
fences were made which incorporated changes in nose and
rear shape.

The eifects of fence length are shown in figures 13, 14, and
15 for fences B, C, and D, respectively. These data ShOW
that removal of as much as the rear two-thirds of fences B,
C, or D (reduction in length from about 0.80Z to 0.26Z) to
form fences BZ, C*, and D2 caused little reduction in fence
effectiveness A further reduction in fence length (fences
shorter than Bg, CZ, and Dz) caused a decrease in fence
eifectivmess by permitti@ unstable breaks in the pitching-
moment curve at lower angles of attack than had occurred
with the longer fences.

The effects of fence height can be evaluated by comparing
corresponding curves of iigures 13, 14, and 15. The data
show that variations in fence height caused little change in
fence eflectivenws except for very short fence9. In this case,
increased fence height was of some benefit.

The eilects of overall shape are shown in figure 16. The
rendts show that at this spamvise station (0.73b/2) fence
effectiveness was increased by extending the nose beyond or
around the wing leading edge. The shape of the rem part

of the fence did not appear to be important if there was
.mi3icient nose overhang and fence length. Results of more
reumt fence tests have indicated that nose overhang may be
of no consequence or even undesirable for models incorpora-
ting wings with sharp leading edges.

Effect of combinations of fenoes.—It ~has been stated
previously that fence A had been found to be ben&ial for
the model in the landing condition. It was not knOWD

whether the fences which were satisfactory for the landing
condition would influence the eflectivenem of the fences
which were beneficial for the clean condition. Tests, there-
fore, were made with one of the better fences (fence K) at
various spanwise stations in conjunction with fence A at
y= O.36b/2. The results (&. 17) show that the addition of
fence A did not reduce the electiveness of fance K; also, the
variation of ‘the effectiveness of fence K with spanwise
position was about the same as had been noted previously
with fence B alone (&. 12). Results obtained with fence
K divided into two-or three segments (&g. 18) ~owed only



1060 13ElPORT120 3—NATIONAL ADVISORY COMMI’IT ED FOR AERONAUTICS

small d.ifferenccs fkom the results obtained with fence K as
a unit.

EFPEOTSOF FENCES ON VARIOUSCOMPLETRiUODELCONFIGDRATTONS

The rcaults of the exploratory tests with model 1 were used
as a guide in dete rmining other fence shapes (fig. 6) to be
tested on model 2 (with the high horizontal tail) for the
model ccdgurations given in the section entitled ‘tApparatus,
Models, and Tests.” Two types of fence designs were used.
One dwign was such that the fence was made in two segments,
one attached to the slat and the other to the wing. The
other design consisted of a one-piece fence which was attached
only to the wing and extended only to the wing leading edge.

Effects of fence A or W& or both together.-The data of
figure 19 show the effects of fence A or NNI or both together
on the longitudinal stability characteristi& of the four con-
figurations previoudy listed. The data for each configura-
tion without fences show that the model became longitudi-
nally unstable at moderate angles of attack. The addition
of fence A alone at spanwise station y= 0.36 b/2 improved the
pitching-moment characteristics of the codigurations with
slats extended but had no appreciable effects on con&mra-
tions with slats retracted. The addition of fence NA41 alone
caused an improvement in the longitudinal stability of the
configurations with slats retracted but had no appreciable
effects on the c@@rations with slats extended. When
fenoes A and N,MI were added to the model, the longitudinal
characteristics of alI four model coepfigurations were improved
appreciably at moderate and high angles of attack.

Effect of length of fence N,Ml.—Removal of segment Ml
from fence N,MI had no appreciable eflect on the longitudi-
nal stability characteristics of the various configurations
with fence A in its normal position (fig. 20) except at high
angles of attack (above about 20°). There, the section Ml
either tended to eliminate any erratic variation of 0. with
a or to delay the erratic variation to higher angles of attack.

EiTect of lateral displacement of segment N, relative to Ml
with fence A in its normal position.-A lateral displacement
of segment N2 by an amount 0.0216/2 inboard or outbomd
relative to Ml wused no appreciable change in the effective-
ness of fence AT2M,for any of the four configurations investi-
gated @g. 21).

Effeots of miscelkmeous fences.—The miscxilhmeous fences
used were NM, N’M, and a combination of NM ~d Nz.
Fence N’M w= like NM except for a thin slit cut under the
lower forward part of fence N’M. & stated previously, the
slat of the model was extended nornud to the wing kading
edge; hence, with the slat in the extended position, there was
a spanwise and chordwise gap between the forward and rear
parts of any fence made up of separate nose and rear parts.
The combination NM+N, was used to eliminate the cbord-
wiee gap. With slats retracted, fence NM overlapped NZ.
With slats extended the chordwise gap was eliminated by

the forward part of fence NM. Each of the miscellaneous
fences mentioned was tested with fence A at a spmmise
station of 36 percent of the wing semispan. Fences NM
and N’M were attached only to the wing; therefore, no
part of the fence moved forward when the slot was extended.
The slit cut into fence N’M was to detemnine whether the
fence eilectiwmess would be reduced if Q slit had to be made
to ‘permit easy operation of the nose slat. The data of
@e 22 show that fences NM and N’M were about equdy
effective, but both permitted the pitching moment to vary
erratically with angle of attack at high angles of attack.
The combination NM+NI was about as eflective S-Sfenco
N,MI for configurations with slats extended (compare figs,
20 and 22); thus, the chordwise gap between NZ and Ml
(which occurs when the slats are extended) was of small
consequence.

=ECTS OFHOBIZONTA~TAILPOSITIONONVARIOUS
COMPLEIYLMODELCONFIGURATIONS

The teds of this group (fl.gg. 23 to 27) were made to de-
termine the effects of horizontal-tail position on the static
longitudinal stability characteristics of the model and some
of its components in the four configurations previously
listed. The model was tested with fence A alone and ‘fenco
A with N’ZMI. The set of fences used in the tests, fences
A and N*M*, were selected as being equally as dlective as
any group used during the trots and were smaller than most
of the other configurations of equal effectiveness.

The position of the horizontal tiil had no ~pprociable
effects on the lift characteristics of the conflgumtions investi-
gated, and the effects of fences on the lift characteristic of
the complete model havs already bien discussed. Therefore,
the lift characteristics are pr6sented herein primarily to
relate the pitching-moment characterietica to the lift nncl
are not discussed further. The drag data are given for the
sake of completeness but are not discussed since they show no
significant effects of horizontal-tail position. The drag data
are presented for the various confqgu-ations with fence A but
are not given for configurations with fences A and N2M1
because the addition of fence N*MI caused no appreciable
change in the drag of the models.

Conllgurations with wing off.-The data of figure 23 show
that the variation in slope of the pitching-moment coefficient
for the fuselage-tail configuration with angle of attack is
reduced by lowefig the horizontal tail from its original (or
high) position.

Configurations with slats, flaps, and landing gear re-
tracted,-When the slats, flaps, and landing gear were
retracted (fig. 24), the complete model with the horizontal
tail in the high position was longitudinally unstable at angles
of attwk from about 10° to 14° with both fence combinations
(fence A alone and fence A with fence NZM1). The insta-
bility was greater for the model with fence A than it was for
the model with fences A and N2MI.

●
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Lowering the horizontal tail improved the longitudi.md
stability in the angle+f-attack range from 10° to 14°. With
tho horizontal tail in the low position, the model with fences
A~and NZMI was longitudinally stable throughout the angle-
of-attack range. The model with fence A was neutrally
stable near an angle of attack of 12° but was stable at all
other anglca. The longitudinal stability of the models was
about the same for both fence configurations at all angl~ of
attack except in the range from 10° to 14° where the model
with fences A and NgMl showed more stability.than it did
with only fence A.

Conilgurations with slats retracted and flaps and landing
gear extended.—when the slats were retracted and the
flaps and landing gear were extended (iig.25), the complete
model with the horizontal tail in the high position was longi-
tudinally unstable at angles of attack from 8° to 130 with
fence A but was about neutrally stable in the same angle-of-
attnck range with fences A and NZMI. Lowering the position
of the horizontal tail caused a large improvement in the
longitudinal stability of the model in the angle-of-attack
range from 8° to 13°. The model was longitudinally stable
at all angles of attack and for both fence con@yrations -when
the horizontal tail was located on the fuselage center line.

Conjurations with slats extended and flaps and landing
gear retracted.-The longitudinal stability characteristics of
the model with slats extended and flaps and landing gear
retracted (fig. 26) were about the same with fence A on the
wing as with the combination of fences A and N2M1. The
model with the horizontal tail in the high position was
approximately neutrally stable at angles of attack from 110
to 14°, but this region of neutral stability was made stable
by lowering the horizontal tail to the fuselage center line.
The incremental changes in pitching-moment characteristics
obtained by lowering the horizontrd tail were greater for con-
figurations with slats retracted than for configurations with
slats extended. (Compme @s. 24 and 26, for example.) At
high anglea of attack (above 20°) the pitching-moment curve
of the models with fence A varied erratically with a change
in angle of attack and showed some regions of instability.
These regions of instability were e&ated by the addition
of fence N2M1.

Configurations with slats, flaps, and landing gear ex-
tended.—The complete model was neutrally or only slightly
stible at angles of attack near 120 when the slats, flaps, and
landing gear were extend’ed (@g. 27). Lowering the hori-
zontal tail caused some improvement in the longitudinal
stability of the model. The characteristics of the model were
about the
and NIMI

same with fence A on the wing as with fences A
except that, at high angles of attack (above 20”),

tlm addition of fence N~l eliminated some unstable breab
which occurred in the pitching-moment curves of the model
with fence A.

CONCLUSIONS

Low-speed tests of a model with a wing swept back 35°
at the 0.33-chord line and a horizontal tail located well above
the extended wing-chord plane indicated static longitudinal
instability at moderate angles of attack for all configurations
&ted. An investigation, therefore, was made to determine
whether the long@dinal stability could be improved by the
use of chordwise wing fences, by lowering the horizontal tail,
or by a combination’ of both. Jhperienm with facw on
other modeb has indicated that fence effectiveness in im-
proving static longitudinal stability can be mowed by”varia-
tions in Mach number and Reynolds number; hence, the lo-iv
Mach number and Reynolds number of the present investi-
gation should be kept in mind in considering the following
conclusions, which are based on the results of the present
investigation:

1. The longitudinal stability’ characteristics of the model
with slats retracted could be improved at moderate and high
angles of attack by placing chordwise wing fences at a
spanwise station of about 73 percent of the wing semispan
from the plane of symmetry provided the nose of the fence
extended slightly beyond or around the wing leading edge.

2. The static longitudinal stability characteristics of the
model with slats extended could be appreciably improved by
placing chordwise fences at a spanwise position of approxi-
mately 36 percent of the wing semispan from the plane of
symmetry. This conclusion conilrmod the results of an
earlier unpublished investigation made by Douglas Aircraft
co., Inc. .

3. No single fence position was found which would cause
an ~ppreciable improvement of the model longitudinal stabil-
ity characteristics for all model configurations; however, use
of fences at both 36 percent and 73 percent of the wing
semispan from the plane of symmetry caused a large improve-
ment in the longitudinal stability characteristics for all model
codigorations invwtigated.

4. Lowering the horizontal tail from the high position to
the fuselage center line improved the longitudinal stability
characteristics of all complete model configurations testad,
so that all the coniigu.rations tested were longitudinally
stable in the angbof-attack range horn 0° to about 20°.

.

LANGLHY AERONAUTICALLABORATORY,
NATIONAL ADVISORY COm~EE FOR AERONAUTICS,

LANGLEY FmLD, VA., November 24, 1964.

.
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Fxmrrm l.-system of stabili~ =ea Arrom indicate positive direc-
tion of angles, forces, and moment.

TABLE I.—DIMENSIONS AND CHARACTERISTICS OF
MODEL

wing:
Root airfoil section (normal to 0.33-ohord line) --- NACA 63-010
Tip airfoil sdion (normal to 0.33-chord line) ---- NACA 03-012
Total a% sqti ------------------------------------- 428
span, h--------------------------------------------- 3a 84
Mean aerodynamic ohord, b-------------------------- 11.30
Root chord (parallel to plane of symmetry), in----------- 1410
Tip chord (parallel to plane of eymmetry), in------------ 7.05
Taper ratio ------------------------------------------ O.606
Aspeot ~tio-._--------_ ------__ ---; ----------------- 3.57
Ehveepat 0.33-chord line, den-------------------------- 36, 0
Incidence, d%--------------------------------------- 3.0
Dihedral, deg---------------------------------------- –3. O
Total tlap~ sq h--------------------------------- 31.50

Horizontal Tail:
AirfoiIseotion (normal to 0.35-ahordline) ------- NACA 63-010
Tot.alarea, sq h------------------------------------- 07.60
span, ti-------------------------------------------- la 06
Mean aerodynamic ohord, h-------------------------- 6.42
Root chord (paralleltoplane of symmetry), in----------- 6,07
Tip chord (paralleltoplane,of symmetry), in------------ 3.48
Ta~rmtio ------------------------------------------ 0.60
@ectratio--------_ -----------J -------------------- 3,60
Sy@pat 0.3S<hord tie, deg-------------------------- 40.0
Incidence (from fuselagecenter line), den----------- Oor -1,42
Tail length (from ~/4 of wing to ~/4 of tail)

Higktaii, b------------------------------------- 30.68
Middle tail, ti----------------------------------- 20.06
bwtifl, ti------------------------------------- 27.50

Tailheight(from fu.wlagecenterline)
Hightail, ~------------------------------------ 6.60
Middle t.ail, h----------------------------------- 3,30
hwM, ti------------------------------------- 0,0

Vertical Tail:
Airfoil section (normal to O.450hord)------- NA.CA 03-010
Root chord (parallelto fuselage center line), in------ l&OO
Height, from fuselage cmter line, in.--------------- 12,08
Swmpat 0.4&hord ~e, deg---------------------- 49.0

I?u&@@ :
hn&h, ti--------------------------------------- 66;52
M*m&amter ------------------------------ 7,80
Ftienm ratio----------------------------------- 8,40

.

,
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I?mumz 2,—Drating of model used in the investigation. Alf dimen-
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b“+ing leading edge

Fnxnm &-Profiles of fences tested with model 2 drawn to scale.

1’

t
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FIGUltE7.—proffl~ of fences used for tests with model 2 in which
horizontal-tail position was varied

FIcmnE 9.—Position of horizontal tail used during the inv~tigation.
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(a) Slatsrefracted.
(b) Slata extended.

FIGURES.—Position of fences on model for test.s in wdiuh horizontal-
tfdl position wea varied.
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FIGURE 10.-Static longitudinal stability characteristic of various components of model 2. No fences; high horizontal tail.
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EFFECT OF CHORDWISE WllW FENCES AND HORIZONTAL-TArfJPOSITIONON STATICLONGITUDllTALSTABILITY 1067

1,01

.8
.

j

.6 1,

.4 .8

,2 ,61.

Q4
=- o ..:
G
%
8 ,2 1.0
-,
3

0. .8

,6

.4

,2

0 4 8 [2 16 20 24 28
Angle of attock, q deg

A

o

❑

o

.76$

1
b 8

.73+

b

1
8

b

.70$

1
B

b

.65$

1
B

.1

0

-.1

Angle of ottack, ~ deg

Fmrnm 12.—lHfeot of epamviee position of fence B on the longitudinal stability characteristic of model 1. Slats, tips, and landing gear retraoted;
high horizontal td

1,0

.8 A

.6 1.0

.4 .8

0

1

2 .61.0

us
~- o .4 .6
‘cl~

E .2 .61.0
3

0 .4,6 ❑

,6

d .4
0

.2

0 4 8 12 16 20 24 28
Angleofottack, q deg

+.73 $

1
b 8

.73$

b

1

63

.73$

91

‘a?

-.73A 2

b

@l

‘
.i
o

d-- -J .1

g

yo

!

‘{

-.1 .1

g

z

-.1.1

0 4812 [62024 B
Angle ofott~ a, deg
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llmmm 16.—Concluded.
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I?mmm 17.—Effeot of varioue combinations of fences on the longitudinal stability oharaoteristics of model 1. Slats, flaps, and hmdlng gem
retracted; high horizontal tail.
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l?muxm 19.—Effect of fence A or N,M1 or both togetheron the longitudinal stabili~ characteristic of model 2. High horizontal tail.

m A

.s

~

.6 10

.4 S12 0

.2 .6 I

o .4 .81.2

2.610

❑

0 .4.8

2 .6

0 .4
.

0
.2

0 4 24 28
&le ;F ottoc~a, @m

b

~

J

-.1 .1

-o

1

-J .1

-2

-J .1

-20

-J

-2
0 4 8 12 16 XI 24 28

Angle of attock, a, deg

(b) Slats retracted and tips and landing gear extended.
Frc+mm 19.—Ckmtinued.



EFFECT OF C!HORDWISE WING FENCES AND HOEIZONL41.rTMLPOSITIONON STATICLONGITUDINALSTABlllTY 1073

1.2

1.0
A

.8 1.2

.6 1,0

,4 ,8 1.2 0

‘4 ,2 .6 Lo

$.G

50 .4 .8 I

3

=
-1

.2 .6 I

❑

o .4

.2

0

0

0 48121620 24 I 28 b
-.21

.

t
1 , 1 , 1 1 I 1 1 -n ,Y 1 , I

1

.1

0

..1

&le of attock, a, deg “ Angle of attock, a, deg

(o) Slats extended and flaps and landing gear retracted.
l?IGURE19.—Ckmtinu.d.

1.2

1.01.4 A

.61.2

.6 Lo 1,4

.4 .s L2 o

~2 .6 Lo .4

1%
Qo .4 .6 2

1
G
-1 2 6 1.0 0

0 .4 .s

2 .6

0 .4 0

2

0 4 8 12 16 20 24 2S

.

J

o

-.t J

&.2 (-J

g

~
-J J

1!
-.2 0

k
-J .1

@

-2 0

-J

-20 4 *
121620242S

Aqle cdOttO~q deg A@ of otf~ a, deg

(d) Slats, IMPS,and landing gear extended.
I?mmm 19.—Cbncluded.



—.—

.
REPORT 120 3—NATIONAL ADVISORY COMMI’ITTEE FOR AERONAUTICS1074

0

, 1

I 1 InI
Al1 k 1

11.4.6

.2 .6
0

0 .4

.2tfH#(o),
0 48

I 1, , , , I
I I I I

II 1111111
12 16 .23 24 28

I%@ d otfo~ a, deg

(a) SlaW flaps, and landing gear retraoted.

FmuaE 20.-Effect of length of fence NIM, on the longitudinal stabili~ oharaoteristios of model 2. High horizontal tail.
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FmuEE 21.—Effeat of lateral displacement of segment N, relative to M, on. the longitudinal stability oharacteristius of model 2. High
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3?IQUEE22.—l3Eect of fences ATM, If ’M, and NM+N, on the longitudinal stability characteriatbe. of model 2. High horizontal tail,
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FmuRE 24.— Longitudinal aerodynamic oharaoterietlm of varioua model conllguratione with slats, flap% and landing gear
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